Membrane organization of lipid anchored proteins plays a fundamental role in proper cell signaling behavior. Several important signaling proteins, such as members of the Src family of kinases, are anchored to the membrane by covalent acyl, alkyl, and glycosylphosphatidylinositol (GPI) moieties. A convenient approach to studying this lipid anchor organization in cells is to image genetically encoded lipidation motifs of various signaling proteins fused to a fluorescent protein. However, previous efforts to reduce this lateral organization to a simple model often ignore the complexity inherent in cell membranes and have contributed to an inconsistent picture of membrane organization. We use two-color fluorescence fluctuation spectroscopy to study the spatial organization of fluorescently tagged lipid anchors in live cell membranes. In order to retain the complexity of this organization, we simultaneously observe several modes of lipid anchor dynamics by employing a multi-dimensional analysis of the time-resolved fluorescence data. Time-correlated single photon counting (TCSPC) data is gathered on a 3-detector system optimized for simultaneous polarization and two-color fluorescence correlation spectroscopy (FCS). The degree of dynamic colocalization of eGFP-and mCherry-fused lipid anchors can be quantified by pulse-interleaved excitation fluorescence cross-correlation spectroscopy (PIE-FCCS), while single color FCS evaluates the translational mobility of the lipid anchors. The photon counting method also allows for time-resolved fluorescence anisotropy (TRFA) measurements, evaluating the rotational diffusion of the fluorescent protein, as well as fluorescence lifetime measurements to determine energy transfer. Taken together, this simultaneous multi-dimensional analysis of time-resolved fluorescence data offers a powerful approach towards determining the complex organizations of lipid anchors in live cell membranes. Center for Life Nanoscience, University of Rome, Rome, Italy. The synthesis and splicing of pre-mRNA to form completed transcripts requires coordination between two large multi-subunit complexes (the RNA polymerase and the spliceosome). Using dual color single molecule RNA imaging in living human cells, we previously observed kinetic competition during the transcription cycle which resulted in both co-and post-transcriptional splicing of premRNA. By combining transcription site fluctuation analysis and RNA imaging we construct a model of RNA synthesis and processing. We see that the majority of pre-mRNAs are spliced after release, while diffusing away from the site of transcription. By single molecule tracking, we measure the distribution of premRNA around the site of transcription. By Raster Image Correlation Spectroscopy (RICS), we measure the diffusion coefficient of pre-mRNA and determine that pre-mRNA is spliced within 5 seconds of cleavage from the transcription site suggesting that intron removal is more efficient after cleavage and release of nascent RNA. We further investigate the role of splicing factors and mutations on the transcription and splicing dynamics and localization of pre-mRNA. Left: intron, exon and merge (black arrow indicates the transcription site). Right: profile through an unspliced and spliced RNA molecule. We combined recognition imaging and force spectroscopy so as to study the interactions between receptors and ligands on the single molecule level. This method allowed the selection of a single receptor molecule reconstituted in a supported lipid membrane at low density, with the subsequent quantification of the receptor-ligand unbinding force. Based on atomic force microscopy (AFM) tapping mode a cantilever tip carrying a ligand molecule was oscillated across a membrane. Topography and recognition Images of reconstituted receptors were recorded simultaneously by analysing the downwards and upwards parts of the oscillation, respectively. Functional receptor molecules were selected from the recognition image with nanometer resolution before the AFM was switched to the force spectroscopy mode, using positional feedback control. The combined mode allowed for dynamic force probing on different pre-selected molecules, resulting in a higher throughput when compared with force mapping. We applied this method for a quantitative characterization of the interaction between uncoupling proteins (UCP) and purine nucleotides (PN). The UCPs are mitochondrial proton transporters, which are proposed to be involved in thermogenesis, reactive oxygen sites (ROS) regulation and metabolism. Recently we hypothesized that PNs bind to UCP1 from cis-and transsite, although only cis-binding led to protein inhibition [1]. So as to get better insight into the molecular mechanism of this interaction we characterized the oligomeric state of UCPs reconstituted in lipid membranes and probed their interaction force with PNs using dynamic force spectroscopy. In the latter mode, the dynamics of force loading was varied, which elucidated the recognition dynamics and yielded information about binding pocket, binding energy barriers, and chemical reaction rates. This study was supported by the FWF project FWFP25357000. Single molecular-pair fluorescence resonance energy transfer (FRET) has become a cross-disciplinary tool for understanding molecular folding and interactions. To the extent that much of this work is in vitro, many methods have been devised to hold molecules in a detection volume. Among others, these include surface functionalization and attachment, liposomal confinement, and gel encapsulation. Here we demonstrate the use of free, but slowly diffusing, attoliter volume aqueous droplets in perfluorinated oil as nanoenvironments for single-molecule sensitive measurement. FRET from dye-labeled RNA confined to droplets is compared with FRET from freely-diffusing RNA. We show that droplet-confinement results in dramatically higher signal-to-noise and longer observation times than are possible for freely-diffusing molecules. The effects of confinement on the molecular environment will be discussed, and a method for determining the pH in attoliter droplets will be described.
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Combining Accurate FRET and Tracking of Single Protein and DNA Molecules in Live Bacteria Anne Plochowietz, Robert Crawford, Louise Aigrain, Marko Sustarsic, Achillefs N. Kapanidis. Univeristy of Oxford, Oxford, United Kingdom. In vivo single-molecule FRET (smFRET) is an excellent tool for studying nanoscale structure and conformational changes in living cells. We have recently introduced an electroporation-based method to internalize DNA and proteins labeled with organic fluorophores into living bacteria and established the ability for long-lived single-molecule fluorescence and FRET measurements. However, further developments, such as optimization of electroporation conditions as well as quantitative smFRET analysis, are needed to make the method more robust and general. Using singly labeled DNA fragments, we optimized internalization efficiency and cell viability for six electroporation voltages, achieving >70% loading and viability similar to non-treated cells. To characterize and optimize in vivo smFRET measurements, we used DNAs and proteins site-specifically labeled with organic fluorophores. Specifically, we used doubly-labeled DNA FRET standards (45-bp long and having in vitro FRET efficiencies of~20%, 50%, and~85%) and doubly labeled derivatives of DNA Polymerase I. Using an alternating laser excitation scheme, we measured apparent FRET efficiencies (E*) at the single-cell and single-molecule levels for DNAs labeled with more than six FRET-dye-pairs; we also established in vivo FRET corrections for immobilized molecules accounting for cellular autofluorescence, spectral cross-talk and differences in detector efficiencies and quantum yields. We measured smFRET efficiencies within diffusing DNAs and proteins tracked for 10s. We have also studied the diffusion profile and FRET status of DNA Polymerase I during DNA replication and repair; the diffusion profile reports Monday, February 17, 2014 223a 
